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Understanding the maintenance and mating strategy, life history, genetic mechanism of conspecific color 
polymorphisms (CPs) is evolutionally and ecologically important. Odonata (dragonfly and damselfly) species 
display a remarkable diversity of color patterns, including intrasexual CPs. Most of intrasexual CPs in Odonata are 
female-limited CPs, which is consisted of andromorphs (male-like color) and gynomorphs (female-specific color). 
Although female-limited CP in Odonata has been studied about the origin and maintenance for the CP and the 
associated behavior and mating strategy, what gene(s) controlling female-limited CP is unclear. The purpose of the 
present study is to understand the genetic basis of female-limited CPs in the damselfly Ischnura senegalensis by 
estimating candidate gene(s) of which the expression(s) associated with the color morphs using RNA-seq (Chapter 
1), and by conducting the functional analysis of candidate gene(s) using RNA interference (RNAi) (Chapter 2). 
In Chapter 1, I investigated the differentially-expressed transcripts (DETs) among males and two female 
morphs (gynomorphs and andromorphs) using RNA-seq to identify candidate transcripts involved in female-limited 
CPs in the damselfly I. senegalensis. Seven DETs that had significantly different expression levels between males 
and gynomorphs, but not between males and andromorphs, were detected. Reverse transcription PCR and sequence 
analysis of the doublesex (Isdsx) gene revealed that this gene produced at least three transcripts. Two short 
transcripts were mainly expressed in males and andromorphs, while the long transcript was specifically expressed in 
both morph female groups; that is, the expression pattern of the Isdsx splice variants in andromorphs was an 
intermediate between that of males and gynomorphs (Fig. 1). 
In Chapter 2, the function analysis of the Isdsx gene on thoracic coloration was conducted by 
electroporation-mediated RNAi. RNAi of common region of the Isdsx long and short transcripts in males (14/17; 
82%) and andromorphs (7/9; 78%) reduced melanization and thus changed the color pattern into that of 
gynomorphs, while the gynomorphic color pattern was not affected. Whereas, RNAi against the Isdsx long transcript 
produced no changes. As a result of examining the expression levels of five genes with differences between sexes 
and female morphs in Chapter 1, two melanin-suppressing genes, black and ebony, were expressed at higher levels 
in the Isdsx RNAi body area than a control area. 
The results of my study suggest that the Isdsx short transcripts are important for body color 
masculinization in both males and andromorphs. Because the dsx gene functions as a transcription factor controlling 
the expression of downstream genes, the Isdsx short isoform may induce thoracic color differentiation by 
suppressing black and ebony, thereby generating female CP in I. senegalensis. These findings contribute to the 

























Figure 1. PCR products of Isdsx using RNA 
extracted from the thorax of teneral individuals. 
The long transcript was specifically expressed by 
andromorphic (n = 3) and gynomorphic females (n = 
11), and the short transcripts were expressed by males 








doublesex 遺伝子（dsx）や昆虫の体色に影響を与えるblack やebony 遺伝子などの7つの遺伝子を
検出した。dsx のスプライシングを確認するために逆転写PCR を行ったところ、雄では短い転写産
物が、メス型雌では長い転写産物が発現する一方、オス型雌ではその両方が発現していた。 






がblack やebony などの発現をしらべた結果、体色が変化している領域では、dsx の発現量が低下
していた一方、black やebony の発現量が高くなっている傾向が見られた。これらの結果からdsx 
はblack やebony の発現を直接的、もしくは間接的に制御することで本種の体色を制御しているこ
とが示唆された。高橋迪彦氏の研究は、トンボ目で広く見られる雌特異的な色彩多型の遺伝的基盤
を明らかにした初めての研究である。dsx は昆虫において性特異的なスプライシングをするが、本
種では本来それぞれの性で発現するスプライスバリアントの両方が発現することで、雄の体色をも
つ雌を成り立っていることを明らかした重要な研究である。これらの研究は、高橋迪彦氏主導で行
った研究で、自立して研究活動を行うに必要な高度の研究能力と学識を有することを示している。
したがって，高橋迪彦氏提出の論文は，博士（生命科学）の博士論文として合格と認める。 
